ABSTRACT: For the problems that electrical inspection technology can not meet the requirements of UHV power transmission equipment due to the rapid development of power grids, this paper proposed the method that determines whether the device is charging using photonic crystals electrochromic material. Prepared photonic crystal electrochromic material samples using the method of high temperature liquid phase synthesis and the discoloration performance testing based on magnetic stimulation conditions was carried out for the samples. The simulation and experiment results show that the material has a reversible color performance, it is possible to accurately indicate whether the device is charged, and has the advantages of high efficiency, easy operation.
INTRODUCTION
"Electrical Safety Work Order of State Grid Corporation" provisions: in the upper part of the electrical equipment of power outage to carry out related work before, we must first carry out electrical inspection to verify that electrical equipment or transmission line indeed no voltage to prevent installing charged grounding wire, mistakenly hitting charging equipment and other accidents. With the rapid development of China's power grid technology, especially the rapid development of high-voltage and long-distance power transmission, voltage level becomes higher and higher, and the requirements of safety distance are also greater. Conventional contact-type and non-contact electroscope applicable to 500kV and below is difficult to apply the experience of UHV power transmission and distribution equipment, since the length and deflection of the pole can not meet the requirements, the overall quality is too large to operation. A more convenient, secure and efficient electrical inspection technology is urgent need.
Photonic crystal material is constituted of the submicron monodisperse colloidal particles, external stimuli such as chemical, mechanical strength, electrical (magnetic) fields or light could change the lattice constant or space symmetry to cause scattering of light, finally realize the regulation of photonic crystal material colors. In this paper, the electrical inspection identification of UHV power transmission equipment was developed based on photonic crystal material, and painting the identification material on UHV power transmission equipment in the appropriate location to characterize whether the device is charged through the coating color, which has 665 high reliability, easy operation, low cost and other characteristics. Meanwhile, the ultra-high voltage power transmission equipment electrical inspection identification itself has good weather resistance, it is possible to have long-term application in the outdoors, can be a good solution to the current problems existing in the process of UHV transmission and distribution equipment electrical inspection.
ELECTROCHROMIC MECHANISM OF PHOTONIC CRYSTAL MATERIAL
Periodic self-assembly arrangement of colloidal particles is an effective way to build a functional photonic materials and devices. Photonic crystals is constituted of by the submicron monodisperse colloidal particles, external stimuli ordered colloidal particles to lead to scattering of light. In principle, the external stimulus can be any external force which can effectively change the refractive index, matrix, or lattice constant and symmetrical arrangement of the colloid, such as changes of the electric field can cause changes in the refractive index of the liquid crystal molecules. In general, the regulation of photonic crystals is achieved through chemical methods, mechanical strength, electrical (magnetic) fields or light to change the lattice constant or space symmetry. External electric (magnetic) field is added to control the ordered colloidal particles thereby affecting the optical properties of photonic crystals. Selecting the magnetic field as an external stimulus can improve spectrum tunability and response speed of system.
PHOTONIC CRYSTAL SAMPLE PREPARATION
The main difficulty of preparing the sample lies in the control on size, morphology, stability, surface structure and magnetic properties of magnetic colloidal particles during the synthesis.
The magnetic material is made of colloid coated inside of polymer material, which can substantially increase the magnetic moment of each particle. However, the transition from the paramagnetic to diamagnetic will lead to reunification of particles and then lead to irreversible aggregation of magnetic particles. An effective method is to use superparamagnetic nanocrystalline polymeric colloidal particles to increase the magnetic while maintaining superparamagnetic of system.
One of the synthesis method is high-temperature liquid phase synthesis, synthesize a superparamagnetic nanocrystals polymeric colloidal particles, each particle is made of a plurality of nanocrystals of photonic crystals about 10nm sized, exterior laminates polyacrylate. These colloidal particles may be ordered in the external magnetic field because of polyacrylate surface and a large magnetic moment of each particle to demonstrate light diffraction characteristics which can be regulation and control, diffraction wavelength range 400 ~ 800nm (visible range).
The position and intensity of the diffraction peaks as well as the tuning range can be optimized by the magnetic force of the particle, particle size distribution and concentration, and ionic strength of the solution. The experimental results show that the system can be made into a small device to fit the need of different applications.
Make the synthetic colloidal beads dissolved in water and placed in a glass vial, observe the change of color in the magnetic field, when the strength of magnetic field became more than 100G, colloidal color will change dramatically, and the direction of the magnetic field will also affect its arrangement, thereby affecting its light-scattering properties.
Another method is high-temperature solvothermal synthesis, synthesize a superparamagnetic nanoparticle of photonic crystal, the adjustable particle size is in the range of 100 ~ 200 nm, different size of nanoparticles can be arranged in order in the magnetic field and display different colors. However, the test has some risks, because solvent of this experiments is acetone, the boiling point of acetone is 56 ℃ and explosive, however, the experiment needs to heat acetone to 210-240 ℃, has the risk of explosion. Figure 1 is an external view of the prepared material sample. 
SIMULATION AND EXPERIMENTAL VALIDATION
First simulated color change of the electrical inspection material at a constant magnetic field, followed by the real experiment, while maintaining the same experimental magnetic field, applied a constant magnetic field on the electrical inspection material sample. And then compare color change of material samples before and after applying the magnetic field to verify whether the electrical inspection marking material sample has electrical properties. Then synthetic colloid pellet was dissolved in water and placed in a glass beaker; prepare a permanent magnet for providing a constant magnetic field (field strength about 0.5T). Where, picture (a) is shown before placing the permanent magnet, (b) is shown after placing the permanent magnet, (c) is shown after removing the permanent magnet 5 minutes.
Comparative Analysis of the experimental results shows that when apply a constant magnetic field to the sample solution, color in solution changes, the solution color changes to a stable state and remain unchanged about 5 minutes after; and when the constant magnetic field is removed, the solution began to fade, return to the original color about five minutes after. That is to say the photonic crystal electrochromic material samples have discoloration performance, can be used to judge power on-off by the magnetic field response and discoloration performance is reversible.
SUMMARY
In this paper, proposed a new electrical inspection method using the color change of photonic crystals electrochromic material to characterize whether equipment is charging for the problem that the current existing electrical inspection methods do not apply to UHV power transmission equipment. Prepared photonic crystal electrochromic material samples changing colors according to magnetic field. This electrical inspection method has high reliability, ease operation, low cost and other advantages, is a preliminary attempt and discussion to be made into electrical inspection material hanging on the wire for the future. In addition, the photonic crystal samples have discoloration performance in a constant magnetic field, but its discoloration performance in alternating magnetic field remains to be further studied. Late 669 design an alternating magnetic field generator according to the principle of Helmholtz coils to study the discoloration performance of photonic crystal sample at alternating magnetic field.
